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(54) CDMA receiver having a controllable search range and method for controlling the same 



(57) In a CDMA receiver used in a CDMA cellular 
mobile telephone system, a searcher which is used to 
determine reception timing of a plurality of finger 
processing portions has a controllable search window to 
enable wide searching range without any expansion of a 



size. Specifically, the controllable search window is 
shifted or delayed so that the reception timing lies 
therein to decrease the number of the correlators and/or 
the adders. 
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Description 

Background of the Invention : 

5 [0001] This invention relates to a code division multiple access (CDMA) receiver for use in a CDMA system and a 
method of controlling the CDMA receiver 

[0002] As a cellular mobile radio communication system, a wide variety of multiple access systems have been here- 
tofore proposed and be adopted in the world. Among others, a recent tendency has been directed to a cellular mobile 
radio code division multiple access (CDMA) system which has a specific spreading code assigned to each channel and 

w which will be simply called a CDMA system. In such a CDMA system, a modulated wave of an identical carrier fre- 
quency which is spread by each specific spreading code is transmitted as a radio signal from a transmitter side to a 
receiver side. Responsive to the radio signal, a CDMA receiver in the receiver side carries out synchronization opera- 
tion by the use of each specific spreading code to identify a desired channel. In order to distinguish the channels from 
one another, different spreading codes are used to identify radio channels between the base station and the mobile sta- 

15 tions. 

[0003] In addition, it is to be noted that the radio signal is received through a plurality of paths, namely, a multipath 
in the CDMA system and, therefore, multipath fading should be removed from the radio signal in the CDMA receiver by 
accurately detecting a predetermined signal, such as a synchronization signal and/or a pilot signal. 
[0004] Furthermore, it is to be considered in the cellular mobile radio communication system that each mobile sta- 
20 tion is moved through the radio service areas or cells from one to another with communication kept between each 
mobile station and a base station. In this event, the base stations must be switched from one to another without inter- 
rupting communication with each mobile station. 

[0005] Taking the above into account, a CDMA receiver which is used in a mobile station has a rake receiver sup- 
plied with radio signals through the multipath and a searcher for searching such multipath signals to establish chip syn- 

25 chronization. In other words, the searcher is used to detect optimum reception timing from the radio signals and to 
inform the rake receiver of the optimum reception timing. This applies to the CDMA receiver which is used in each base 
station. Therefore, the following description will be mainly made about the CDMA receiver of the base station. 
[0006] Practically, both the rake receiver and the searcher are given received data signals which are subjected to 
high frequency amplification and frequency conversion by a high frequency amplifier and an intermediate amplifier, 

30 respectively In this event, the rake receiver is operable in response to the received data signals received through the 
multipath and comprises a plurality of finger receivers for demodulating the received data signal by the use of a spread- 
ing code into a demodulated signal. To this end, calculations are made about correlations between a spreading code of 
a desired channel and each received multipath signal to capture codes at each reception timing through each path. 
Thereafter, maximal-ratio combining is carried out to augment received signal strength. Such maximal-ratio combining 

35 is effective to alleviate an influence of the multipath fading and to improve a signal-to-noise (S/N) ratio. 

[0007] On the other hand, the searcher has a plurality of correlators which are operable in response to the received 
data signals and delayed spreading codes to calculate correlation values between the received data signals and the 
delayed spreading codes and a plurality of adders for adding the respective correlation values to produce summed up 
correlation values. Moreover, the summed up correlation values are delivered to an effective path judgment circuit to 

40 determine an effective path and to supply the finger circuits of the rake receiver with reception timing signals represent- 
ative of the effective path or optimum reception timing. 

[0008] Herein, it is to be noted that the correlators of the searcher are in one-to-one correspondence to the adders. 
[0009] Recently, recent attempts have been made to widen each of the cells in such a CDMA system to reduce a 
frequency of handoff operations for switching the base stations from one to another. This results in enlargement of a 
45 cell radius of each cell. Such enlargement of the cell radius brings about expanding or widening a searching range in 
the searcher of the CDMA receiver in each base station. In other words, the searcher must be widened in the searching 
range. 

[0010] In order to widen or expand the searching range in the searcher, it is necessary to increase the correlators 
and the corresponding adders in number Practically, the searching range is determined by a chip number of the spread- 
50 ing code and must have a predetermined resolution. In consequence, the correlators and the corresponding adders 
should be increased in number as the searching range is widened because the number of the correlators is equal to a 
product of the chip number and the resolution as well as the number of the adders. 

[0011] Under the circumstances, the searcher is inevitably complicated in structure as the searching range is wid- 
ened, because of a large number of the correlators and the adders. In addition, it is very difficult to make each base 
55 station small in size when the correlators and the adders are increased in number. 

[001 2] In other words, a conventional searcher has a fixed search window having a constant searching range where 
the searcher can search. The constant searching range is determined by the number of the correlators or the adders. 
The fixed search window is defined by a starting time instant which is equal to a reference reception timing of a base 
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transceiver station (BTS) that has zero propagation delay. In other words, the fixed search window has no window off- 
set. In order to expand or widen the constant searching range in the fixed search window, the searcher must increase 
the correlators and the adders in number. 

[0013] It will be assumed that the CDMA receiver carries out reception operation under environment with a large 

5 propagation delay such as a case of having a large cell radius or the like. In this event, the conventional searcher must 
comprise a correlation calculator and an adder portion which have the large number of correlators and the large number 
of adders, respectively. This is because the searcher has the fixed search window and it is therefore necessary to make 
the correlators and the adders large in number in order to expand or widen the constant searching range. Accordingly, 
the conventional searcher is large in structure. 

io [0014] In addition, various prior arts related to the present invention are already known. By way of example, a 
method and an apparatus for performing search acquisition in a CDMA communications system is disclosed in United 
State Patent No. 5,644,591 issued to Todd R. Sutton. According to Sutton, a large window of PN chip offset hypotheses 
are searched and if an energy signal is found that might indicate the presence of the pilot signal having one of the chip 
offsets of the large search window, then a search of a subset of offset hypotheses, or small window, is searched. 

15 [0015] In a searcher according to Sutton, if the search window is swept and no hypothesis's energy exceeds the 
detection threshold, then searcher controller would begin sweeping the next search window. In other words, the 
searcher according to Sutton mainly aims to search reception timing of an effective path or the pilot signal. It will be 
assumed that the reception timing lies in one of both ends of the search window by changing the reception timing of the 
effective path caused by moving a mobile station. In this event, it is feared that it cannot decides whether this path lies 

20 in a current search window or the next search window (or a previous search window). Under the circumstances, it is 
difficult to stably carry out reception processing. 

[0016] Japanese Unexamined Patent Publication of Tokkai No. Hei 10-173,629 or JP-A 10-173629 discloses 
"RECEIVING DEVICE" to precisely operate RAKE reception valid to code division multiplex system communication 
spread spectrum by setting a numerical value expecting an error range corresponding to a reception quality as a thresh- 

25 old value, and using it as the judgment reference of the output of a searcher circuit. According to JP-A 10-1 73629, a 
received signal is supplied to delays and despreading parts. The output of the delays are supplied to despreading parts. 
In the despreading parts, the despreading of the received signal is operated by the replica of a spreading code gener- 
ated by a spreading code generating part, and secondary modulation is released. The despread signal is weighted 
according to a reception level by weighing circuits. Then, con-elation values outputted by a sliding correlator and com- 

30 paring parts are multiplied by the received signals, outputted by the corresponding despreading parts, and added by a 
synthesizing part. Then, the rate of a desired wave receiving power to an interrupting wave-receiving power to an inter- 
rupting wave-receiving power is calculated as quality information by an SIR measuring part. 

[0017] However, JP-A 10-173629 may disclose a technical idea which uses the numerical value expecting the error 
range corresponding to the reception quality as the judgement reference of the output of the searcher circuit. 
35 [0018] Japanese Unexamined Patent Publication of Tokkai No. Hei 10-173,630 or JP-A 10-173630 discloses 
"CDMA CHIP-SYNCHRONIZING CIRCUIT" to attain synchronizing follow-up (tracking) on the fluctuation of a reception 
level, and to attain stable reception by selecting and demodulating a correlator output (a despread signal) in a timing 
with the most satisfactory reception quality in a constant time interval. According to JP-A 1 0-1 73630, a delaying means 
delays a despread code, so that it can be matched with a reception timing detected by a search means. Next, a shift 
40 register, having a plurality of output terminals, delays the delayed despread code in a constant delay interval. Then, a 
plurality of correlators operate the despreading of a received signal by calculating a correlation value between a digital 
base-band signal and each output of the shift register. Then, the outputs of the plurality of correlators are temporarily 
stored in a memory means. An optimal value detecting means and a selecting means read the memory in a constant 
interval, and selects the correlator output with the most satisfactory reception quality. Then, a synchronization detection 
45 means operates synchronization detection by using the selected correlator output. 

[0019] However, JP-A 1 0-1 73630 neither discloses nor teaches concrete structure of the search means. 
[0020] Japanese Unexamined Patent Publication of Tokkai No. Hei 1 0-200,508 or JP-A 10-200508 discloses 'TER- 
MINAL EQUIPMENT FOR RADIO SYSTEM AND SEARCH METHOD" to shorten a search time when a demodulation 
output is not obtained in a CDMA system portable telephone system. According to JP-A 10-200508, a terminal equip- 
50 ment is provided with a next candidate memory that stores a code being a next candidate. When a demodulation output 
is not obtained and the code of the next candidate is stored in the next candidate memory, the code is partially searched 
based on the code to try demodulation. When the demodulation can be conducted, the demodulation is conducted by 
the code and only when the demodulation cannot be conducted, is the code searched with respect to all the phase by 
a searcher. Thus, the search time when no demodulation output is obtained is shortened. 
55 [0021] JP-A 10-200508 may disclose a technical idea which carries out searching on the basis of the code of the 
next candidate stored in the next candidate memory when the demodulation output id not obtained. 
[0022] Japanese Granted Patent Publication No. 2,853,705 or JP-B 2853705 discloses "SPREAD SPECTRUM 
COMMUNICATION RECEIVER" to eliminate erroneous detection of high level noises and to prevent deterioration of a 
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characteristic when a plurality of paths in multi-path phasing at low reception level and large fluctuation are detected in 
a spread spectrum communication receiver According to JP-B 2853705, a search path detected in a search part and a 
tracking path tracked in a tracking part are held in a path acquisition/holding part, and a target signal is extracted by a 
front protection and a back protection. A correlation demodulation path selection part removes the path for signals other 
5 than the target one, selects the path to be demodulated and synthesizes rake in a rake part. A path front protection 
means sets a window of about one chip for the presence of a path and detects the existence of multi-paths when they 
continuously exist within the range of the window. A path back protection means detects the elimination of multi-paths 
when they do not continuously exist. The number of stages for executing front protection and back protection is suitably 
changed in accordance with an external situation. 

10 [0023] JP-B 2853705 may disclose a technical idea for extracting a target signal by means of a front protection and 
a back protection in a path acquisition/holding part which compares a search path detected in a searcher part and a 
tracking path tracked in a tracking part. 

Summary of the Invention : 

15 

[0024] It is an object of this invention to provide a receiver which is usable in a CDMA system, which is simple in 
structure and small in size. 

[0025] It is another object of this invention to provide a receiver of the type described, which is capable of coping 
with widening a searching range of a searcher without increasing correlators and adders included in the searcher. 
20 [0026] It is still another object of this invention to provide a receiver of the type described, which is usable in a base 
station and which is operable at a high speed. 

[0027] It is another object of this invention to provide a searcher which is capable of searching optimum reception 
timing from a wide searching range without an increase of correlators and/or adders. 

[0028] It is yet another object of this invention to provide a method of searching optimum reception timing from a 

25 wide searching range without an increase of correlators and adders. 

[0029] According to an aspect of this invention, a method is for use in searching reception timing from received data 
signals which are received through a plurality of paths by a searcher in a CDMA system to detect the reception timing. 
The method comprises the steps of calculating, in a controllable search window having a constant searching range 
where the searcher can search, correlation values between the received data signals and spreading codes succes- 

30 sively delayed, to produce summed up correlation values, of determining the reception timing from the summed up cor- 
relation values, and of shifting the controllable search window so that the reception timing lies in the controllable search 
window. 

[0030] According to another aspect of this invention, a method is for use in receiving received data signals to pro- 
duce a decoded data signal in a CDMA system and comprises the steps of calculating, in a controllable search window 

35 having a constant searching range, correlation values between the received data signals and spreading codes succes- 
sively delayed, to produce summed up correlation values, of determining reception timing from the summed up corre- 
lation values, of shifting the controllable search window so that the reception timing lies in the controllable search 
window, of despreading the received data signals by using the reception timing to produce despread and detected data 
signals, of carrying out maximal-ratio combining of the despread and detected data signals to produce a combined data 

40 signal, and of decoding the combined data signal into the decoded data signal. 

[0031] According to still another aspect of this invention, a searcher is for use in a CDMA receiver to search recep- 
tion timing from received data signals which are received through a plurality of paths and comprises calculation means 
for calculating, in a controllable search window having a constant searching range where the searcher can search, cor- 
relation values between the received data signals and spreading codes successively delayed, to produce summed up 

45 correlation values, decision means for determining the reception timing from the summed up correlation values, and 
shifting means for shifting the controllable search window so that the reception timing lies in the controllable search win- 
dow. 

[0032] According to yet another aspect of this invention, a CDMA receiver is for use in a CDMA system to produce 
a decoded data signal in response to received data signals and comprises calculation means for calculating, in a con- 
so trollable search window having a constant searching range, correlation values between the received data signals and 
spreading codes successively delayed, to produce summed up correlation values, determining means for determining 
reception timing from the summed up correlation values, shifting means for shifting the controllable search window so 
that the reception timing lies in the controllable search window, despreading means for despreading the received data 
signals by using the reception timing to produce despread and detected data signals, means for carrying out maximal- 
55 ratio combining of the despread and detected data signals to produce a combined data signal, and means for decoding 
the combined data signal into the decoded data signal. 
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Brief Description of the Drawing : 
[0033] 

5 Fig. 1 shows a block diagram for use in describing a CDMA receiver according to this invention; 

Fig. 2 shows a block diagram of a conventional searcher; 

Fig. 3 is a view for use in describing a searching range in the searcher illustrated in Fig. 2; 
Fig. 4 shows a block diagram of a searcher according to a first embodiment of this invention; 
Fig. 5 is a view for use in describing a searching range in the searcher illustrated in Fig. 4; 
io Fig. 6 shows a block diagram of a searcher according to a second embodiment of this invention; 

Fig. 7 shows a block diagram of a search window offset control portion is used in the searcher illustrated in Fig. 6; 
Fig. 8 is a view for use in describing a searching range in the searcher illustrated in Fig. 6; and 
Fig. 9 shows a flow chart for use in describing operation of the searcher illustrated in Fig. 7. 

15 Description of the Preferred Embodiments : 

[0034] Referring to Fig. 1 , it is assumed that a receiver 10 according to this invention is used in each base station 
of a CDMA system and is operable in accordance with a diversity rake technique, as will become clear later. In this con- 
nection, the illustrated receiver 10 may be called a CDMA receiver or a base station receiver. Although not shown in 
20 Fig. 1 , the base station has a high frequency amplifier portion for high frequency amplification and frequency conversion 
and an intermediate frequency (IF) amplifier portion for intermediate frequency amplification. At any rate, the illustrated 
CDMA receiver is supplied with received data signals a through the high frequency amplifier portion and the intermedi- 
ate frequency (IF) amplifier portion in the form of a baseband signal. 

[0035] In the example being illustrated, the CDMA receiver 10 has first through N-th finger processing portions 
25 1 1 (1 ) to 1 1 (N) where N represents a first positive integer which is not less than two, and a searcher 1 2. The first through 
the N-th finger processing portions 1 1 (1) to 1 1 (N) may be collectively called a rake receiver. 

[0036] The searcher 12 receives the received data signals a and searches reception timing which is optimum for 
the first through the N-th finger processing portions 1 1(1) to 1 1 (N). As a result, the searcher 12 supplies the first through 
the N-th finger processing portions 1 1 (1 ) to 1 1 (N) with the reception timing as detected reception timing signals b, as 
30 shown in Fig. 1 . To this end, the illustrated searcher 1 2 calculates correlation values by successively shifting despread- 
ing timing of the received data signals a in a manner to be described later to search the optimum reception timing in 
each of the finger processing portions and to consequently detect chip synchronization. 

[0037] The first through the N-th finger processing portions 1 1(1) to 1 1(N) process despreading operation of the 
received data signals a in response to the detected reception timing signals b and produce processed signals obtained 
35 by despreading the received data signals a. The processed signals may be referred to as detected data signals 
detected from the received data signals a. 

[0038] The processed signals which are despread by the first through the N-th finger processing portions 1 1 (1) to 
1 1(N) are sent to a maximal-ratio combiner 13 for summing up the processed signals by the use of the maximal-ratio 
combining technique. In other words, the maximal-ratio combiner 13 carries out rake combining related to the proc- 
40 essed signals sent from the first through the N-th finger processing portions 1 1 (1 ) to 1 1 (N) and produces a rake com- 
bined signal which may be simply called a combined data signal also. The rake combined signal is delivered to a 
decoder 14 to be decoded into a decoded data signal. 

[0039] Referring to Fig. 2, a conventional searcher 12' will be described at first in order to facilitate an understand- 
ing the present invention. The searcher 1 2' is supplied with the received data signals a in the manner which is described 
45 above. Responsive to the received data signals a, the searcher 12' searches optimum reception timing to produce the 
reception timing signals b which are supplied to the first through the N-th finger processing portions 1 1(1) to 1 1(N) (Fig. 
1). 

[0040] The searcher 12' comprises a correlation calculator (which may be called a correlation portion) 1 5, an adder 
portion 16, an effective path judgement portion 17, a spreading code generator 18 for generating a spreading code 
so which is used to despread the received data signals a, and a searching delay circuit 19. 

[0041] The correlation calculator 1 5 comprises first through M-th correlators 1 5(1 ) to 1 5(M) while the adder portion 
16 comprises first through M-th adders 1 6(1) to 16(M) where M represents a second positive integer which is not less 
than two. The first through the M-th correlators 15(1) to 15(M) are connected to the first through the M-th adders 16(1) 
to 16(M), respectively. 

55 [0042] With this structure, the spreading code is delivered from the spreading code generator 18 to the searching 
delay circuit 19 to be successively delayed by the searching delay circuit 19 and to be thereafter delivered to the first 
through the M-th correlators 15(1) to 15(M). That is, the first through the M-th correlators 15(1) to 15(M) are supplied 
with first through M-th searching delayed spreading codes from the searching delay circuit 19. The first through the M- 
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th correlators 15(1) to 15(M) despread the received data signals a by the first through the M-th searching delayed 
spreading codes to calculate first through M-th calculated correlation values c at the timing indicated by the first through 
the M-th searching delayed spreading codes, respectively. The first through the M-th calculated correlation values c are 
sent to the first through the M-th adders 16(1) to 16(M) to be added to previous correlation values. The first through the 
5 M-th adders 16(1) to 16(M) produce first through M-th added correlation values d which are supplied to the effective 
path judgement portion 1 7. Responsive to the first through the M-th added correlation values d, the effective path judge- 
ment portion 1 7 searches the reception timing having a highest level (detects a peak) to produce the optimum reception 
timing signals b. 

[0043] Temporarily referring to Fig. 3, the searcher 12' has a fixed search window having a constant searching 
w range where the searcher 12* can search. The constant searching range is determined by the second positive integer 
M for the correlators in the correlation calculator 15 and for the adders in the adder portion 1 6. The fixed search window 
is defined by a starting time instant (or a leading edge) which is equal to a reference reception timing of a base trans- 
ceiver station (BTS) that has zero or no propagation delay. In other words, the fixed search window has no window off- 
set. In order to expand or widen the constant searching range in the fixed search window, the searcher 12' must have 
15 a large number of the second positive integer M. 

[0044] It will be assumed that the CDMA receiver 1 0 carries out reception operation under environment with a large 
propagation delay such as a case of having a large cell radius or the like. In this event, the conventional searcher 12' 
must comprise the correlation calculator 15 and the adder portion 16 which have the large number of correlators and 
the large number of adders, respectively. This is because the searcher 12' has the fixed search window and it is there- 
to fore necessary to make the second positive number M large in order to expand or widen the constant searching range. 
Accordingly, the conventional searcher 12' is large in structure, as mentioned in the preamble of the instant specifica- 
tion. 

[0045] Referring to Fig. 4, the searcher 12 according to a first embodiment of this invention is applicable to the 
CDMA receiver of the base station illustrated in Fig. 1. The illustrated searcher 12 is similar in structure and operation 
25 to the conventional searcher 1 2' illustrated in Fig. 2 except that the searcher 1 2 further comprises a search window off- 
set control portion 20 and a search window offsetting delay circuit 21 . 

[0046] The search window offset control portion 20 is connected to the effective path judgement portion 1 7 and is 
supplied with an early threshold value DthE and a late threshold value DthL which will be described as the description 
proceeds. The effective path judgement portion 1 7 produces, as judged effective path information, peak timing signals 

30 b and peak level signals e. The peak timing signals b is supplied to the first through the N-th finger processing portions 
1 1(1) to 1 1 (N) (Fig. 1) as the decoded reception timing signals in a manner which is described above. The peak timing 
signals b and the peak level signals e are supplied to the search window offset control portion 20. Responsive to the 
peak timing signals b and the peak level signals e, the search window offset control portion 20 calculates a search win- 
dow offset amount f with reference to the early threshold value DthE and the late threshold value DthL to produce the 

35 search window offset amount f which is supplied to the search window offsetting delay circuit 21 . The search window 
offsetting delay circuit 21 is supplied with the spreading code generated by the spreading code generator 1 8. 
[0047] The search window offsetting delay circuit 21 delays the spreading code by the search window offset amount 
f to produce an offsetting delayed spreading code which is supplied to the searching delay circuit 19. The searching 
delay circuit 1 9 successively delays the offsetting delayed spreading code to produce the first through the M-th search- 

40 ing delayed spreading codes g which are supplied to the first through the M-th correlators 15(1) to 15(M), respectively. 
[0048] Temporarily referring to Fig. 5, the searcher 12 has a controllable search window having the constant 
searching range where the searcher 12 can search. In the manner which is described above, the constant searching 
range is determined by the second positive integer M for the correlators in the correlation calculator 15 and for the 
adders in the adder portion 16. It will be assumed that the first through the M-th correlators 15(1) to 15(M) of the corre- 

45 lation calculator 1 5 carry out despreading operations at timings a time interval of Rc chips apart. In this event, the con- 
stant searching range is equal to M times as large as Rc chips. Namely, 

Searching Range = (M x Rc) chips. 

so [0049] As shown in Fig. 5, it is possible for the searcher 12 to temporally shift or delay the controllable search win- 
dow by a window offset indicated by the search window offset amount f from the reference reception timing of the BTS 
that has zero or no propagation delay. In other words, the controllable search window has the window offset. The con- 
trollable search window is defined by a controllable starting time instant (or a controllable leading edge) which is equal 
to a sum of the reference reception timing of the BTS and the window offset. 

55 [0050] In Fig. 5, a reference symbol of Pt represents a relative reception timing of an effective path within the con- 
trollable search window. In the example being illustrated, Fig. 5 shows a state where there is only one effective path. It 
is noted that the effective path has an actual propagation delay (an absolute reception timing) which is equal to a sum 
of the window offset and the relative reception timing Pt of the effective path. Each of the early threshold value DthE 
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and the late threshold value DthL is a threshold value for controlling the window offset. A reference symbol of Dgp rep- 
resents a target reception timing for the relative reception timing Pt on renewing the widow offset. That is, the window 
offset is controlled so that the relative reception timing Pt is equal to the target reception timing Dgp in a manner to be 
described later. 

5 [0051] It is noted that each of the relative reception timing Pt, the early threshold value DthE, the late threshold 
value DthL, and the target reception timing Dgp has a value measured on the basis of the controllable starting time 
instant (or the controllable leasing edge) of the controllable search window. 

[0052] Referring to Fig. 4 in addition to Fig. 5, description will be made as regards operation of the searcher 12. The 
received data signals a are supplied to the first through the M-th correlators 15(1) to 15(M) of the correlation calculator 
10 15. The first through the M-th correlators 15(1) to 15(M) are supplied with the first through the M-th searching delayed 
spreading codes g from the searching delay circuit 19 so that the first through the M-th correlators 15(1) to 15(M) carry 
out the despreading operations at the timings the time interval of Rc chips apart. 

[0053] The first through the M-th correlators 15(1 ) to 15(M) despread the received data signals a by using the first 
through the M-th searching delayed spreading codes to calculate the first through the M-th calculated correlation values 

15 c at the timing indicated by the first through the M-th searching delayed spreading codes, respectively The first through 
the M-th calculated correlation values c are sent to the first through the M-th adders 16(1) to 16(M) to be added to pre- 
vious correlation values a designated times. The first through the M-th adders 16(1) to 16(M) produce first through M- 
th added correlation values d which are supplied to the effective path judgement portion 1 7. The first through the M-th 
added correlation values d have level variations which correspond to a delay profile. 

20 [0054] Responsive to the first through the M-th added correlation values d, the effective path judgement portion 1 7 
searches the reception timing having the highest level to determine the effective path on the basis of various threshold 
values and previous search processed results. That is, the effective path judgement portion 1 7 carries out peak detec- 
tion or search processing and path control processing. 

[0055] Description will proceed to the path control processing in the effective path judgement portion 17. It will be 

25 assumed that the path (the reception timing) detected at a previous timing is not detected at a current timing. In this 
event, the effective path judgement portion 1 7 does not immediately judge this path as an invalid path but judges this 
path as the invalid path when this condition continues several times. This processing is called a forward protection 
processing. Similarly, it will be assumed that a new path is detected at the current timing. In this event, the effective path 
judgement portion 17 does not immediately this new path as a valid path but judges this new path as the valid path 

30 when the new path is detected at the same timing several times. This processing is called a backward protection 
processing. This several times may be set by a parameter. In a manner described above, the effective path judgement 
portion 17 carries out protection processing in the path control processing so that the valid path does not vary fre- 
quently. The effective path judgement portion 1 7 produces the optimum reception timing signals (or the peak timing sig- 
nals) b and the peak level signals e. 

35 [0056] The peak timing signals b are sent to the first through the N-th finger processing portions 1 1 (1) to 11 (N) (Fig. 
1 ) and the search window offset control portion 20. In addition, the peak level signals e corresponding to the peak timing 
signals b are supplied to the search window offset control portion 20. Responsive to the peak timing signals b and the 
peak level signals e, the search window offset control portion 20 calculates the search window offset amount f with ref- 
erence to the early threshold value DthE and the late threshold value DthL to produce the search window offset amount 

40 f which is supplied to the search window offsetting delay circuit 21 . The search window offsetting delay circuit 21 is sup- 
plied with the spreading code generated by the spreading code generator 1 8. 

[0057] The search window offsetting delay circuit 21 delays the spreading code by the search window offset amount 
f to produce the offsetting delayed spreading code which is supplied to the searching delay circuit 19. With this struc- 
ture, it is possible to shift timings for the despreading in the first through the M-th correlators 1 5(1 ) to 15(M) of the cor- 
45 relation calculator 15 and it is therefore possible to temporally move or shift the controllable search window illustrated 
in Fig. 5. 

[0058] Referring now to Fig. 5, description will be made about operation of the search window offset control portion 
20. It will be assumed that there is only one effective path as illustrated in Fig. 5 in order to simplify the description. The 
search window offset control portion 20 always monitors the reception timing Pt of the effective path, the early threshold 

50 value DthE, and the late threshold value DthL. 

[0059] It will be assumed that the reception timing Pt of the effective path lies in a range between the early threshold 
value DthE and the late threshold value DthL, both inclusive, as illustrated in Fig. 5, namely, DthE ^ Pt ^ DthL. In this 
event, the search window offset control portion 20 does not renew the search window offset amount f. 
[0060] It will be assumed that the reception timing Pt of the effective path is earlier than the early threshold value 

55 DthE, namely, Pt < DthE. In this event, the search window offset control portion 20 renews the search window offset 
amount f so that the reception timing Pt of the effective path coincides with the target reception timing Dgp, namely, 
Pt = Dgp . That is: 
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Window Offset <- Window Offset - (Dgp - Pt). 

In other words, the search window offset control portion 20 allows the controllable search window to come near to the 
reference reception timing of the BTS. 
5 [0061] Likewise, it will be assumed that the reception timing Pt of the effective path is later than the late threshold 
value DthL, namely, DthL < Pt. In this event, the search window offset control portion 20 renews the search window off- 
set amount f so that the reception timing Pt of the effective path coincides with the target reception timing Dgp, namely, 
Pt = Dgp . That is: 

io Window Offset <- Window Offset + (Pt - Dgp). 

In other words, the search window offset control portion 20 keeps the controllable search window from the reference 
reception timing of the BTS. 

[0062] Under the circumstances, it is desirable that the target reception timing Dgp has a middle timing between the 
is early threshold value DthE and the late threshold value DthL, namely, Dgp = (DthE + DthL)/2 . In some situations the 
target reception timing Dgp may be changed. In addition, the early threshold value DthE and the late threshold value 
DthL may be changed by the conditions of propagation environment or the like. 

[0063] As described above, the searcher 12 according to this invention makes the controllable search window fol- 
low variations of the reception timing Pt of the effective path. As a result, it is possible to carry out reception by carrying 
20 out searching without increasing the number of the correlators in the correlation calculator although a large propagation 
delay is predicted. It is assumed that there is a plurality of effective paths. In this event, the search window offset control 
portion 20 monitors one of the effective paths that has the highest level to renew the search window offset amount fin 
a similar manner which is described above. 

[0064] Referring to Fig. 6, the description will proceed to a searcher 1 2A according to a second embodiment of this 
25 invention which is also applicable to the CDMA receiver of the base station illustrated in Fig. 1 . The illustrated searcher 
1 2A is similar in structure and operation to the searcher 1 2 illustrated in Fig. 4 except that the search window offset con- 
trol portion is modified from that illustrated in Fig. 4 as will later become clear. The search window offset control portion 
is therefore depicted at 20 A. 

[0065] The search window offset control portion 20A is supplied with not only the peak timing signals b, the peak 
30 level signals e, the early threshold value DthE, and the late threshold value DthL but also a path protection state h, a 
threshold value width Dth, and a searching range SR as shown in Fig. 6. 

[0066] In the above-mentioned first embodiment, in a case where there is a plurality of paths, when the searching 
window offset is renewed under environment where level variations occur caused by fading or the like, an amount of 
renewal may be much. In this event, there is the possibility that several paths come off the search window. As a result, 
35 reception quality is degraded. 

[0067] In addition, it is assumed that several paths come off the search window after renewal of the searching win- 
dow offset and thereafter the paths in the searching window disappear. In this event, the CDMA receiver is put into a 
pulled-out state because there is no processing for rescuing the paths from coming off. 

[0068] Accordingly, in order to control the search window offset amount f in more detail, the CDMA receiver com- 

40 prises the searcher 12A as illustrated in Fig. 6. 

[0069] The searcher 12A is basically similar in operation to the searcher 12 illustrated in Fig. 4 except that a pro- 
tection processing is added to each effective path determined by the effective path judgement portion 17. That is, the 
effective path judgement portion 17 supplies the search window offset control portion 20A with the path protection state 
h for each effective path. The path protection state h indicates one of the pulled-out state, a backward protection state, 

45 a forward protection state, and a synchronization state. 

[0070] In the manner which will later become clear, the search window offset control portion 20A renews the search 
window offset amount f by using the threshold value width Dth, the early threshold value DthE, and the late threshold 
value DthL, the path protection state h, the searching range SR, the peak timing signals b for the effective paths, and 
the peak level signals e. 

so [0071] Turning to Fig. 7, the search window offset control portion 20A comprises a first search window offset calcu- 
lating portion 27, a selector 28, a first lost path counter 29, a second lost path counter 30, and a second search window 
offset calculating portion 31 . 

[0072] The first search window offset calculating portion 27 is supplied with the peak timing signals b for the effec- 
tive paths, the peak level signals e, the threshold value width Dth, the early threshold value DthE, the late threshold 
55 value DthL, and the searching range SR. In the manner which will later become clear, the first search window offset cal- 
culating portion 27 calculates a first search window offset amount f 1 by using the peak timing signals b for the effective 
paths, the peak level signals e, the threshold value width Dth, the early threshold value DthE, the late threshold value 
DthL, and the searching range SR. The first search window offset amount f1 is supplied to the selector 28. In addition, 



8 



BNSDOCID: <EP 1052783A2J_> 



EP 1 052 783 A2 

when any path is lost in a case where the first search window offset amount f 1 is renewed, the first search window offset 
calculating portion 27 increments either the first lost path counter 29 or the second lost path counter 30. 
[0073] Specifically, the first lost path counter 29 is incremented when a front effective path is lost by separating the 
controllable search window from the reference reception timing of the BTS. Similarly, the second lost path counter 30 is 
5 incremented when a rear effective path is lost by allowing the controllable search window to come near the reference 
reception timing of the BTS. The first and the second lost path counters 29 and 30 produce early and late lost counted 
values E_lost_ct and L_lost_ct, respectively, which are supplied to the second search window offset calculating portion 
31. 

[0074] The second search window offset calculating portion 31 calculates a second search window offset amount 
10 f2 by using the early and the late lost counted values E_lost_ct and L_lost_ct. The second search window offset amount 
f2 is supplied to the selector 28. 

[0075] The selector 28 is also supplied with the path protection state h from the effective path judgement portion 1 7 
(Fig. 6). The selector 28 selects, as the search window offset amount f, one of the first and the second search window 
offset amounts f 1 and f2 in response to the path protection state h. Specifically, when the path protection state h indi- 

15 cates that all of the effective paths are pulled off, the selector 28 produces the second search widow offset amount f2 
as the search window offset amount f. When the path protection state h indicates that all of the effective paths are not 
pulled off, the selector 28 produces the first search window offset amount f 1 as the search window offset amount f. 
[0076] The search window offset amount f is supplied to not only the search window offsetting delay circuit 21 (Fig. 
6) but also the first and the second search window offset calculating portions 27 and 31 . 

20 [0077] Fig. 8 is a view showing the searching range which is similar to that illustrated in Fig. 5. Fig. 8 is different 
from Fig. 5 as follows. In Fig. 8, a reference symbol of PtE represents a reception timing for the closest effective path, 
a reference symbol of PtL represents a reception timing for the farthest effect path, a reference symbol of Dth repre- 
sents the threshold value width forjudging whether or not the search window offset amount is renewed, a reference 
symbol of DthE represents the early threshold value for the reception timing of the closest effective path, and a refer- 

25 ence symbol of DthL represents the late threshold value of the reception timing of the farthest effective path. In addition, 
a reference symbol of PLE represents a reception peak level of the closest effective path, a reference symbol of PLL 
represents a reception peak level of the farthest effective path, and a reference symbol of P_Spread represents a path 
interval between the closest effective path and the farthest effective path. 

[0078] Fig. 9 is a flow chart for showing operation of the searcher 12A illustrated in Fig. 6. As illustrated in Fig. 9, 

30 description will be made about roughly operation of the searcher 12A as follows. 

[0079] The searcher 12A always monitors the reception timing of the closest effective path, the peak level of the 
closet effective path, the reception timing of the farthest effective path, the peak level of the farthest effective path, and 
the path interval between the closest effective path and the farthest effective path. When the closest effective path is 
close over, the searcher 12A shifts the controllable search window so as to put the controllable search window close to 

35 the reference reception timing of the BTS. When the farthest effective path is apart over, the searcher 12A shifts the 
controllable search window so as to keep the controllable search window away from the reference reception timing of 
the BTS. 

[0080] In this event, the searcher 1 2A makes the controllable search window so as to do not shift using the thresh- 
old value width Dth, the early threshold value DthE, and the late threshold value DthL if possible. If the searcher 12A 

40 shifts the controllable search window, the searcher 1 2A makes the effective paths lost to the utmost. In addition, when 
the searcher 1 2A unavoidably loses the effective paths in a case of shifting the controllable search window, the searcher 
1 2A memorizes the lost effective paths as memorized effective paths. Subsequently, when the effective paths in the 
controllable search window disappear, the searcher 1 2A carries out processing for rescuing the effective paths from los- 
ing by returning the controllable search window. 

45 [0081] When the CDMA receiver is initially put into a reception ON state from a reception OFF state (YES in a first 
step S1 01 ), the first step S1 01 is followed by a second step S1 02 at which the search window offset control portion 20A 
clears or resets the reception timing PtE of the closest effective path, the reception timing PtL of the farthest effective 
path, the reception peak level PLE of the closest effective path, the reception peak level PLL of the farthest effective 
path, the path interval P_Spread, and the early and the late lost counted values E_lost_ct and L_lost_ct. 

so [0082] The first and the second steps S1 01 and S1 02 proceed to a third step S1 03 at which the search window off- 
set control portion 20A calculates, by using the peak timing signals b for the effective paths and the peak level signals 
e, the reception timing PtE of the closest effective path, the reception timing PtL of the farthest effective path, the recep- 
tion peak level PLE of the closest effective path, the reception peak level PLL of the farthest effective path, and the path 
interval P_Spread. Inasmuch as each parameter may change small in a moment, the search window offset control por- 

55 tion 20A calculates the reception timing PtE of the closest effective path, the reception timing PtL of the farthest effec- 
tive path, the reception peak level PLE of the closest effective path, the reception peak level PLL of the farthest effective 
path by temporarily averaging using an oblivion coefficient or the like. 

[0083] Specifically, it will be assumed that a symbol of fp represents the oblivion coefficient, a symbol of PtE(n - 1) 
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represents the reception timing of the closest effective path that is calculated in a previous processing, and a symbol of 
PtE(n) represents the reception timing of the closest effective path that is calculated using the peak timing b of the effec- 
tive path in a current processing. In this event, the reception timing PtE of the closest effective path is calculated as fol- 
lows: 



PtE = fp x PtE(n - 1 ) + (1 - fp) x PtE(n). 

[0084] Each of the reception timing PtL of the farthest effective path, the reception peak level PLE of the closest 
effective path, and the reception peak level PLL of the farthest effective path is calculated in a similar manner The path 
10 interval P_Spread is calculated as follows: 

P_Spread = PtL - PtE. 

[0085] The path interval P_Spread is calculated by temporarily averaging using the oblivion coefficient fp. 
[0086] The step S103 is succeeded by a fourth step S104 at which the search window offset control portion 20A 
judges whether or not the path protection state h indicates that all of effective paths are pulled off. When the path pro- 
tection state h indicates that all of the effective paths are not pulled off, the first search window offset amount f 1 calcu- 
lated by the first search window offset calculating portion 27 is effective. In this event, the fourth step S104 is followed 
by a fifth steps 105. 

[0087] At the fifth step S1 05, the first search window offset calculating portion 27 judges whether or not the recep- 
tion timing PtE of the closest effective path is close too or the reception timing PtE of the closest effective path is not 
later than the threshold value DthE for the reception timing of the closest effective path. When the reception timing PtE 
of the closest effective path is later than the threshold value DthE for the reception timing of the closest effective path) 
namely, DthE < PtE, the fifth step S1 05 proceeds to a sixth step S106, the first search window offset calculating portion 
27 judges whether or not the reception timing PtL of the farthest effective path is far too or the reception timing PtL of 
the farthest effective path is not earlier than the threshold value DthL for the reception timing of the farthest effective 
path. When the reception timing PtL of the farthest effective path is earlier than the threshold value DthL for the recep- 
tion timing of the farthest effective path, namely, DthL > PtL, the first search window offset calculating portion 27 does 
not renew the first search window offset amount f 1 . 

[0088] When the reception timing PtL of the farthest effective path is not earlier than the threshold value DthL for 
the reception timing of the farthest effective path, namely, DthL ^ PtL the sixth step S106 is succeeded by a seventh 
step S107 at which the first search window offset calculating portion 27 adds Dth/2 to the first search window offset 
amount f1 to keep the controllable search window away from the reference reception timing of the BTS. That is: 

35 Window Offset Window Offset + Dth/2. 

[0089] Although a renewal amount is equal to Dth/2 in the example being illustrated, the renewal amount may be 
changed in some situations. The seventh step S107 is followed by an eighth step S108 at which the second path lost 
counter 30 decrements the second path lost counted value L_lost_ct by one, namely, 



LJost_ct <r- L_lost_ct - 1 . 



In addition, the second path lost counted value LJost__ct has minimum of zero. 

[0090] When the reception timing PtE of the closest effective path is not later than the threshold value DthE for the 
45 reception timing of the closest effective path, namely, DthE ^ PtE the fifth step S1 05 proceeds to a ninth step S1 09 at 
which the first search Window offset calculating portion 27 judges whether or not the reception timing PtL of the farthest 
effective path is far too or the reception timing PtL of the farthest effective path is not earlier than the threshold value 
DthL for the reception timing of the farthest effective path. When the reception timing PtL of the farthest effective path 
is earlier than the threshold value DthL for the reception timing of the farthest effective path, namely, DthL > PtL, the 
so ninth step S1 09 is succeeded by a tenth step 1 1 0 at which the first search window offset calculating portion 27 subtracts 
Dth/2 from the first search window offset amount f1 to allow the controllable search window to come near the reference 
reception timing of the BTS. That is: 



Window Offset <- Window Offset - Dth/2. 

[0091] The tenth step S1 1 0 is followed by an eleventh step S1 1 1 at which the first path lost counter 29 decrements 
the first path lost counted value E_lost_ct by one, namely, 
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EJost_ct <~ E_lost_ct - 1 . 

In addition, the first path lost counted value E_lost_ct has minimum of zero. 

[0092] When the reception timing PtE of the closest effective path is not later than the threshold value DthE for the 
5 reception timing of the closest effective path, namely, DthE a? PtE, and when the reception timing PtL of the farthest 
effective path is not earlier than the threshold value DthL for the reception timing of the farthest effective path, namely, 
DthLsi PtL, the fifth and the ninth steps S1 05 and S109 proceed to a twelfth step S1 12 at which the first search window 
offset calculating portion 27 compares the path interval P_Spread with a value (SR - Dth) obtained by subtracting the 
threshold value width Dth from the search range SR. When the path interval P_Spread is not less than the value (SR - 
10 Dth), namely, P_Spread s (SR - Dth) , the first search window offset calculating portion 27 does not renew the first 
search window offset value f 1 . 

[0093] When the path interval P_Spread is more than the value (SR - Dth), namely, P_Spread > (SR - Dth) , the 
first search window offset calculating portion 27 loses either the closest effective path or the farthest effective path to 
shift the controllable search window. 

75 [0094] Specifically, the twelfth step S1 12 is succeeded by a thirteenth step S1 13 at which the first search window 
offset calculating portion 27 compares the reception peak level PLE of the closest effective path with the reception peak 
level PLL of the farthest effective path. When the reception peak level PLE of the closest effective path is lower than the 
reception peak level PLL of the farthest effective path, namely, PLE < PLL, the thirteenth step S1 1 3 is followed by a four- 
teenth step S1 14 at which the first lost path counter 29 increments the first path lost counted value E_lost_ct by one, 

20 namely, 

E_lost_ct <— E_lost_ct + 1 . 

The fourteenth step S1 14 is turned to the seventh step S107. That is, the first search window offset calculating portion 
25 27 shifts the controllable search window so as to lose the closest effective path. 

[0095] When the reception peak level PLE of the closest effective path is not lower than the reception peak level 
PLL of the farthest effective path, namely, PLE ^ PLL, the thirteenth step S1 13 proceeds to a fifteenth step S1 15 at 
which the second lost path counter 30 increments the second path lost counted value L_lost_ct by one, namely, 

30 L_lost_ct <— L_loct_ct + 1 . 

The fifteenth step S1 1 5 is turned to the tenth step S1 1 0. That is, the first search window offset calculating portion 27 
shifts the controllable search window so as to lose the farthest effective path. 

[0096] It will be assumed that the path protection state h indicates that all of the effective paths are pulled off. In this 
35 event, the searcher 12A carries out processing for rescuing the lost effect paths in the manner which will presently 
become clear. 

[0097] In particularly, the fourth step S1 04 is followed by a sixteenth step S1 1 6 at which the second search window 
offset calculating portion 31 determines whether or not the first path lost counted value E_lost_ct in the first lost path 
counter 29 is equal to zero, namely, E_lost_ct = 0. 

40 [0098] When the first path lost counted value E_lost_ct is not equal to zero, the second search window offset cal- 
culating portion 31 allows the controllable search window to come near the reference reception timing of the BTS 
because there is the path lost by the first search window offset calculating portion 27 that is nearer than the controllable 
search window. Specifically, the sixteenth step S1 1 6 proceeds to a seventeenth step S1 1 7 at which the second search 
window offset calculating portion 31 calculates the second search window offset amount f2 in accordance with the first 

45 path lost counted value EJost_ct as follows: 

Window Offset <- Window Offset - (E_lost_ct x Dth/2). 

The seventeen step S1 1 7 is succeeded by an eighteenth step S1 18 at which the first search window offset calculating 

50 portion 27 clears the first lost path counter 29 to zero, namely, EJost_ct = 0. 

[0099] When the first path lost counted value EJost_ct is equal to zero, the sixteenth step S1 16 is followed by a 
nineteenth step S1 19 at which the second search window offset calculating portion 31 determines whether or not the 
second path lost counted value L_lost__ct in the second lost path counter 30 is equal to zero, namely, L_lost_ct = 0. 
[0100] When the second path lost counted value L_lost_ct is not equal to zero, the second search window offset 

55 calculating portion 31 keeps the controllable search window away from the reference reception timing of the BTS 
because there is the path lost by the first search window offset calculating portion 27 that is farther than the controllable 
search window. Specifically, the nineteenth step S1 19 proceeds to a twentieth step S120 at which the second search 
window offset calculating portion 31 calculates the second search window offset amount f2 in accordance with the sec- 
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ond path lost counted value L_lost_ct as follows: 

Window Offset <- Window Offset + (L_lost_ct x Dth/2). 

The twentieth step S120 is succeeded by a twenty-first step S121 at which the first search window offset calculating 
portion 27 clears the second path lost counter 30 to zero, namely, L_lost__ct = 0. 

[0101] When both of the first arid the second path lost counted values EJost_ct and L_lost_ct are equal to zero 
namely, E_lost_ct = 0 and LJost_ct = 0, the second search window offset calculating portion 31 does not shift the con- 
trollable search window because there is no lost path. 

[0102] In addition, when the controllable search window is shifted, the first search window offset calculating portion 
27 clears the reception timing PtE of the closest effective path, the reception timing PtL of the farthest effective path 
the reception peak level PLE for the closest effective path, the reception peak level PLL for the farthest effective path' 
and the path interval P_Spread. H ' 

[0103] By carrying out the above-mentioned processing, it is possible to stably carry out reception operation 
[0104] As described above, according to this invention, it is possible to carry out searching and reception operation 
without increasing the number of the correlators in the correlation calculator 15 in a case where a large propagation 
delay is predicted. This is because the controllable search window follows fluctuations of the reception timing for the 

[0105] While this invention has thus far been described in conjunction with a few embodiments thereof, it will readily 
be possible for those skilled in the art to put this invention into practice in various other manners. For example this 
invention may be applicable to a receiver which is used in a mobile terminal instead of the base station In addition this 
invention may not be restricted to the maximal-ratio combining. 

[0106] At any rate, the receiver according to this invention becomes small in size even when the searching range is 
substantially widened as each cell or service area becomes wide. This is because the controllable search window is 
shifted or delayed on the basis of a propagation delay in received data signals or fluctuations of reception timing This 
means that this invention is very effective for the CDMA receiver which executes the diversity rake combining 



Claims 

30 1. 



A method of searching reception timing from received data signals which are received through a plurality of paths 
by a searcher having a search window in a CDMA system to detect the reception timing, comprising the step of 
making the search window of said searcher follow a propagation delay in the received data signals. 

A method of searching reception timing from received data signals which are received through a plurality of paths 
by a searcher having a search window in a CDMA system to detect the reception timing, comprising the step of 
making the search window of said searcher follow fluctuations of the reception timing. 

A method of searching reception timing from received data signals which are received through a plurality of paths 
by a searcher in a CDMA system to detect the reception timing, comprising the step of: 

calculating, in a controllable search window having a constant searching range where said searcher can 
search, correlation values between the received data signals and spreading codes successively delayed to 
produce summed up correlation values; ' 
determining the reception timing from the summed up correlation values; and 

shifting the controllable search window so that the reception timing lies in the controllable search window. 

A method as claimed in claim 1 , wherein the determining step comprises the step of producing, as the reception 
timing, a peak timing and a peak level, and the shifting step comprising the steps of: 

calculating, in response to the peak timing and the peak level, a search window offset amount with reference 

to threshold values; 

generating a spreading code; and 

delaying the spread code by the search window offset amount to produce an offsetting delayed spreading 

A method as claimed in claim 4, wherein the calculation step comprises the steps of: 

successively delaying the offsetting delayed spreading code to produce the successively delayed spreading 
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codes; 

carrying out correlation calculations between the received data signals and the successively delayed spread 
codes to produce correlation values; and 

successively summing up the correlation values to produce the summed up correlation values. 

5 

6. A method as claimed in claim 1 , wherein the determining step comprises the step of producing, as the reception 
timing, peak timings, peak levels, and a path protection state, and the shifting step comprising the steps of: 

calculating, in response to the peak timings, the peak levels, and the path protection state, a search window 
w offset amount with reference to the threshold values and the searching range; 

generating a spreading code; and 

delaying the spread code by the search window offset amount to produce an offsetting delayed spreading 
code. 

15 7. A method as claimed in claim 6, wherein the calculation step comprises the steps of: 

successively delaying the offsetting delayed spreading code to produce the successively delayed spreading 
codes; 

carrying out correlation calculations between the reception signals and the successively delayed spread codes 
20 to produce correlation values; and 

successively summing up the correlation values to produce the summed up correlation values. 

8. A method of receiving received data signals to produce a decoded data signal in a CDMA system, comprising the 
steps of: 

25 

calculating, in a controllable search window having a constant searching range, correlation values between the 
received data signals and spreading codes successively delayed, to produce summed up correlation values; 
determining reception timing from the summed up correlation values; 

shifting the controllable search window so that the reception timing lies in the controllable search window; 
30 despreading the received data signals by using the reception timing to produce despread and detected data 

signals; 

carrying out maximal-ratio combining of the despread and detected data signals to produce a combined data 
signal; and 

decoding the combined data signal into the decoded data signal. 

35 

9. A method as claimed in claim 8, wherein the determining step comprises the step of producing, as the reception 
timing, a peak timing and a peak level, and the shifting step comprises the steps of: 

calculating, in response to the peak timing and the peak level, a search window offset amount with reference 
40 to the threshold values; 

generating a spreading code; and 

delaying the spread code by the search window offset amount to produce an offsetting delayed spreading 
code. 

45 10. A method as claimed in claim 8, wherein the determining step comprises the step of producing, as the reception 
timing, peak timings, peak levels, and a path protection state, and the shifting step comprises the steps of: 

calculating, in response to the peak timings, the peak levels, and the path protection state, a search window 
offset amount with reference to the threshold values and the searching range; 
so generating a spreading code; and 

delaying the spread code by the search window offset amount to produce an offsetting delayed spreading 
code. 

11. A searcher for use in a CDMA receiver to search reception timing from received data signals which are received 
55 through a plurality of paths, comprising: 

calculation means for calculating, in a controllable search window having a constant searching range where 
said searcher can search, correlation values between the received data signals and spreading codes succes- 
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sively delayed, to produce summed up correlation values; 

decision means for determining the reception timing from the summed up correlation values; and 

shifting means for shifting the controllable search window so that the reception timing lies in the controllable 

search window. 

5 

12. A searcher as claimed in claim 1 1 , the decision means producing, as the reception timing, a peak timing and a peak 
level, wherein the shifting means comprises: 

a search window offset control portion, supplied with threshold values and connected to the decision means, 
10 for calculating, in response to the peak timing and the peak level, a search window offset amount with refer- 

ence to the threshold values; 

a spread code generator for generating a spreading code; and 

a search window offsetting delay circuit for delaying the spread code by the search window offset amount to 
produce an offsetting delayed spreading code which is supplied to the calculation means. 

15 

13. A searcher as claimed in claim 12, wherein the calculation means comprises: 

a searching delay circuit for successively delaying the offsetting delayed spreading code to produce the suc- 
cessively delayed spreading codes; 
20 a plurality of correlators for carrying out correlation calculations between the received data signals and the suc- 

cessively delayed spread codes to produce correlation values; and 

a plurality of adders for successively summing up the correlation values to produce the summed up correlation 
values. 



25 14. A searcher as claimed in claim 1 1 , wherein the decision means producing, as the reception timing, peak timings, 
peak levels, and a path protection state, wherein the shifting means comprises: 



a search window offset control portion, supplied with threshold values and the searching range and connected 
to the decision means, for calculating, in response to the peak timings, the peak levels, and the path protection 
30 state, a search window offset amount with reference to the threshold values and the searching range; 

a spread code generator for generating a spreading code; and 

a search window offsetting delay circuit for delaying the spread code by the search window offset amount to 
produce an offsetting delayed spreading code which is supplied to the calculation means. 

35 15. A searcher as claimed in claim 14, wherein the calculation means comprises: 

a searching delay circuit for successively delaying the offsetting delayed spreading code to produce the suc- 
cessively delayed spreading codes; 

a plurality of correlators for carrying out correlation calculations between the received data signals and the suc- 
40 cessively delayed spread codes to produce correlation values; and 

a plurality of adders for successively summing up the correlation values to produce the summed up correlation 
values. 



16. A searcher as claimed in claim 14, wherein the search window offset control portion comprises: 

45 

a first search window offset calculating portion for calculating, in response to the peak timing and the peak lev- 
els, a first search window offset amount with reference to the threshold values and the searching range; 
a first lost path counter for incrementing a first path lost counted value by one when a closest effective path is 
lost by keeping the controllable search window away from a reference reception timing; 
50 a second lost path counter for incrementing a second path lost counted value by one when a farthest effective 

path is lost by allowing the controllable search window to come near the reference reception timing; 
a second search window offset calculating portion for calculating a second search window offset amount on 
the basis of the first and the second path lost counted values; and 

a selector for selecting, in response to the path protection state, one of the first and the second search window 
55 offset amounts as the search window offset amount. 

17. A CDMA receiver for use in a CDMA system to produce a decoded data signal in response to received data signals, 
comprising: 
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calculation means for calculating, in a controllable search window having a constant searching range, correla- 
tion values between the received data signals and spreading codes successively delayed, to produce summed 
up correlation values; 

determining means for determining reception timing from the summed up correlation values; 
5 shifting means for shifting the controllable search window so that the reception timing lies in the controllable 

search window; 

despreading means for despreading the received data signals by using the reception timing to produce 
despread and detected data signals; 

means for carrying out maximal-ratio combining of the despread and detected data signals to produce a corn- 
to bined data signal; and 

means for decoding the combined data signal into the decoded data signal. 

18. A CDMA receiver as claimed in claim 17, wherein the determining means producing, as the reception timing, a 
peak timing and a peak level, wherein the shifting means comprises: 

15 

a search window offset control portion, supplied with threshold values and connected to the decision means, 
for calculating, in response to the peak timing and the peak level, a search window offset amount with refer- 
ence to the threshold values; 

a spread code generator for generating a spreading code; and 
20 a search window offsetting delay circuit for delaying the spread code by the search window offset amount to 

produce an offsetting delayed spreading code which is supplied to the calculation means. 

19. A CDMA receiver as claimed in claim 1 5, wherein the determining means producing, as the reception timing, peak 
timings, peak levels, and a path protection state, wherein the shifting means comprises: 

25 

a search window offset control portion, supplied with threshold values and the searching range and connected 
to the decision means, for calculating, in response to the peak timings, the peak levels, and the path protection 
state, a search window offset amount with reference to the threshold values and the searching range; 
a spread code generator for generating a spreading code; and 
30 a search window offsetting delay circuit for delaying the spread code by the search window offset amount to 

produce an offsetting delayed spreading code which is supplied to the calculation means. 
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